The Prader-Willi syndrome (PWS) is a complex disorder whose major features include severe infantile hypotonia, failure to thrive, hypothalamic dysfunction causing genital hypoplasia and pubertal insufficiency, hyperphagia with obesity developing after the neonatal period, small hands and feet, short stature, and mental retardation (1) . PWS occurs in -1/25,000 live births. About 60%o of the PWS patients have deletions or other chromosomal abnormalities (translocations or duplications) on the proximal long arm of chromosome 15 (15q11. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] (2, 3) . Interestingly, similar deletions are found in "50% of patients with Angelman syndrome (AS) (4) (5) (6) (7) (8) . AS is characterized by mental retardation, jerky movements, paroxysms of laughter, protruding tongue, a characteristic facial appearance, microcephaly, and an abnormal electroencephalogram pattern (9) . The deletion in PWS patients is of paternal origin (10) , whereas deletions in AS are of maternal origin (11) . Findings of maternal disomy of chromosome 15q11-13 in PWS patients (11) and paternal disomy in AS patients (12) suggest that genomic imprinting affects the expression of genes in proximal 15q. As the biochemical defects in both syndromes are unknown, positional cloning has to be used to identify these genes. Donlon et al. (13) used flow sorting to isolate DNA markers for proximal 15q. Using microdissection and microcloning of banded metaphase chromosomes, we have recently isolated several clones from this region (14) . Here we report the detailed characterization of the microclone MN7. Genomic DNA Analysis. Genomic DNA was analyzed by Southern blot hybridization as described (16) . The final wash was usually at 650C in 150 mM sodium chloride/15 mM sodium citrate (lx SSC) containing 0.1% SDS. The following probes were used: HuD2 (IGHDY2) (17) , MN60 (D15564) (14) , MN8 (D15S77) (14) , MN47 (D15S78) (14) , MN43 (D15S80) (14) , MN28 (D15S81) (14) , PW66 (D15S79) (14) , PW71 (D15S63) (14) , ML34 (D15S9) (13) , 3-21 (D15S10) (13), IR4-3R (D15S11) (13) , IR10-1 (D15S12) (13) , IR39 (D15S18) (13) , 28,33-H3 (GABRB3) (18) , CMW1 (D15S24) (19) ITo whom reprint requests should be addressed.
MATERIALS AND METHODS
CGACCTCGAGATCT(C/T)(G/A)GCTCACTGCAA-3'; PDJ34, 5'-TGAGC(C/T)(G/A)(A/T)GAT(C/T)(G/A)(C/ T)(C/A)CCA(C/T)TGCACTCCAGCCTGGG-3'.
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and Olson (22) . A human genomic phage library in AL47.1 (23) was screened by hybridization with MN7. Among 500,000 clones screened, 12 positive plaques were identified. Two clones (A7.7 and A7.12) were plaque purified in two rounds.
Pulsed-Field Gel Analysis. High molecular weight yeast DNA in agarose plugs was prepared as described by Carle and Olson (24) . Yeast chromosomes were separated by transverse alternating field electrophoresis (TAFE; Beckman) in 10 mM Tris HCI/0.5 mM EDTA (free acid)/4.4 mM acetic acid, pH 8.2. Running conditions were 1 hr with 4-sec pulses at 170 mA followed by 21 hr with 50-sec pulses at 150 mA or 22 hr with 25-sec pulses at 150 mA at 14°C buffer temperature. DNA was stained with ethidium bromide. Saccharomyces cerevisiae chromosomes (strain 334; Beckman) were used as size markers.
Isolation and Characterization of cDNA Clones. Approximately 1 x 106 phages from a human placenta 5'-Stretch cDNA library (Clontech) were screened with probe MN7. Six positive clones were found, and two clones (c7.541 and c7.681) were plaque purified. c7.541 was used to probe a human multiple tissue Northern (MTN) blot (Clontech) containing 2 ,ug of poly(A)+ RNA from placenta and adult brain, heart, liver, kidney, pancreas, and skeletal muscle. Final washing of the filter was at 50°C in O.lx SSC/0.1% SDS.
In Situ Chromosome Hybridization. The cDNA c7.681 was 3H-labeled by the random priming method (5 x 107 cpm per ,ug of DNA) and hybridized to normal human lymphocyte (pro)metaphase chromosomes as described (25) . Sequence Analysis. PCR product (20 hybrids (G35F1, G35A4, G35F3, G35D5, CP22, and 15A) and a normal human control DNA (ME) were hybridized with 32P-labeled MN7. Isolation of Genomic Clones. To clone the genomic environment of MN7, we screened a genomic phage library and a YAC library. Two phage clones of 15 kb (A7.7 and A7.12) and eight YACs (Table 1) For mapping the YACs, total yeast DNA was digested with Bgl II and Dra I and probed with MN7. MN7 detects a 9.0-and a 5.0-kb Bgl II fragment and a 3.0-kb Dra I fragment in YAC 1, a 9.0-kb Bgl II fragment and a 3.0-kb Dra I fragment in YACs 2-6, and a 9.0-kb Bgl II fragment and a 1.3-kb Dra I fragment in YACs 7 and 8 ( Table 1) . According to somatic cell genetic analysis (Fig. 1) , YACs 1-6 originate from chromosome 15 and YACs 7 and 8 originate from chromosome 16.
In subsequent preparations of YAC 1, it was noticed that the 600-kb hybridization signal was very weak and a 350-kb YAC that did not hybridize to MN7 was present. To investigate whether these two YACs were related or were cotransformation products, we isolated both YACs by preparative TAFE. Inter-Alu PCR with primers PDJ34 and 517 gave two PCR products of identical size (Fig. 2) . This suggests that the 350-kb YAC may be derived from the 600-kb YAC.
Isolation and Analysis of cDNA Clones. As reported previously, MN7 is evolutionarily conserved (14) . To investigate whether MN7 contains gene sequences, we screened a human placental cDNA library. Two partial cDNA clones of 1.6 (c7.681) and 2.0 (c7.541) kb were obtained. Restriction mapping revealed considerable differences between the two clones (Fig. 3A) . The chromosomal assignment of c7.681 was done by the technique of in situ hybridization. Analysis of silver grain distribution in 30 metaphases localized 24% of total grains on chromosome 15 and 23% on chromosome 16. More than 80% of the grains found on these chromosomes identified a specific area (15qll-12 and 16pll.2, respectively) (Fig. 4) . No other chromosome demonstrated grain counts above background level.
Sequence Analysis. Except for a few different bases, 188 bp of both cDNAs are identical to the microclone MN7. To determine from which ofthe various MN7 loci the cDNAs are derived, we amplified the MN7 sequence in the phage and YAC clones as well as in the 5.5-kb Bgl II fragment from the hybrid cell line Hz16, the 9.0-kb Bgl II fragment from hybrid cell line Hz31, and the genomic 3.0-kb Bgl II fragment from normal control DNA. All sequences differ from the microclone by a T to G exchange (Fig. 5) . It is possible that this represents an error of the DNA polymerase used for PCRmediated microcloning. The homologous region of c7.541 is identical to phage A7.7 and the 3.0-kb genomic fragment, which map to chromosome 15. The homologous region in c7.681 is identical to YAC 8, which maps to chromosome 16.
Northern Blot Analysis. To study the tissue distribution of MN7 transcripts, poly(A)+ RNA from placenta and from adult brain, heart, lung, liver, kidney, pancreas, and skeletal muscle was analyzed by Northern blot hybridization with c7.541. In most tissues, transcripts of 8 and 14 kb were detected (Fig. 3B) YACs 2, 4, and 6 and YACs 3 and 5 form two contiguous sequences, which contain two different MN7 sequences. The MN7 sequence in the 9.0-kb Bgl II fragment of YAC 1 is identical to the MN7 sequence in YACs 2,4, and 6. However, YAC 1 does not share any IRS PCR product with YACs 2, 4, and 6 (data not shown). Furthermore, the 5.0-kb Bgl II fragment on YAC 1 is absent in the Hz16 cell hybrid. This suggests that unless YAC 1 spans the breakpoint in Hz16, the two 9.0-kb Bgl II fragments are derived from two different loci. Sequence analysis of the 5.5-kb Bgl II fragment in Hz16 suggests that this fragment is allelic to a 9.0-kb Bgl II fragment. Thus, there are four or five MN7 copies spread over a large distance within 15qll-13 (Fig. 6) . Apart from the most distal copy, all chromosome 15 MN7 copies are deleted in PWS patient 168, who has a cytogenetically visible deletion of chromosome 15.
YAC 1, which contains two MN7 loci on a 600-kb insert, appears to be unstable in yeast cells. It is possible that the instability of YAC 1 is caused by the presence of two MN7 repeat units and that the presence of multiple copies of this sequence in proximal 15q may be related to the instability of this region and associated clinical disorders.
The chromosome 15-specific MN7 sequences differ by only 1% of nucleotide exchanges. This is similar to the differences observed in the chromosome 16-specific MN7 sequences (Fig. 5) . However, the chromosome 15 sequences differ from those of chromosome 16 by 5% of nucleotide exchanges. In mouse, MN7 detects a single locus on mouse chromosome 7, which contains a region of homology with human chromosome 15 (26, 27) . This suggests that the multiple MN7 loci in humans are the product of gene duplication events that occurred after the evolutionary divergence of rodents and primates. As the interchromosomal sequence difference is larger than the intrachromosomal sequence difference, the transposition of the MN7 sequence to chromosome 16 occurred at an early stage of MN7 duplication.
The large interchromosomal difference of the MN7 sequence has made it possible to assign cDNA 7.541 to chromosome 15 and cDNA 7.681 to chromosome 16. Complete sequence identity ofthe homologous MN7 sequence in c7.541 with the 3.0-kb genomic Bgl II fragment suggests that the mRNA was transcribed from this locus. In Northern blot analysis, c7.541 detects at least two transcripts in several tissues, indicating expression of several loci or alternative splicing. Since the cDNA sequences have no apparent homology to other known human genes, the function of the MN7 gene family remains unknown. 
